Though many papers have been published on induced changes in H antigens of the genus SalmoneUa, no report appeared on induced changes in 0 antigens until S. anatum and S. meleagridis were reported to change from 3,10 to 3,15 and vice versa in the presence of antiserum (Bruner and Edwards, 1948) . Uetake and Obara (1950) , Obara (1950) , and Nakagawa (1951a,b) extended this experiment and found that 0 antigens of S. newington and S. new brunsick were converted from 3,15 to 3,10 by cultivation in a semisolid medium containing 15 antiserum, and vice versa. Further, Nakagawa (1951b) and Uetake et al. (1952) pointed out that the antigenic changes from 3,15 to 3,10 are not analogous to transformation of the pneumococcus (Austrian, 1952) , but might resemble either the antigenic changes observed in Paramecium aurelia (Sonneborn, 1947) al., 1952; Ise, 1953a,b) .
Shortly thereafter Zinder and Lederberg (1952) reported another phenomenon in Salmonella, genetic trnsduction. In 1953, Iseki and Sakai (1953a,b) , using S. london, S. give, S. anatum, S. newington, S. 8ekindia, S. new brunswick, and S. 8enftenberg, confirmed those authors' findings and further added that the antigenic change from 3,10 to 3,15 could be induced by infection with phages which were obtained from E, group organisms.
MATERIALS AND MEODS
Strains. S. senftnberg Aa' is a strain, possessing the 3 factor as the sole 0 antigen, which Ise (1953b) obtained as a variant of S. senftenberg A. S. senftnberg HS-1 through HS-10 are strains received from the Bacteriology Department, Faculty of Veterinary Medicine, Hokkaido University, and they were all isolated from chicken eggs.
All other strains of El, E2, and Es groups are international standard strains which were sent from Kauffmann to the Enterobactexiaceae Committee of Japan.
Immune sera. H and 0 sera were prepared according to the routine methods (Kauffmann, 1951 (1) Whatever the strain may be, the organisms of group E2, possessing antigenic factor 15, were found to be lysogenic on S. anatum or S. butantan, and the autolysates were found to be capable of inducing changes of 0 antigens of E1 group cells from 3,10 to 3,15 in at least one of 20 colonies tested.
(2) The susceptibility of El group organisms to a given phage varied with the strains; some were readily changed in their 0 antigenic structure (for example; S. anatum, S. butantan, S. simi) whereas others were not so readily altered (for example; S. london, S. melegridis).
(3) The capacity of inducing antigenic variation in a definite strain of E1 group seems to vary with phage strains. This may, however, depend upon the amount of phage, though the details have not been made clear as yet.
Beside the above, it was observed during these experiments that culture of E1 group organisms was less turbid in the autolysatebroth than in broth alone. This is due to partial bacteriolysis.
Antigenic changes in S. lexington and S. macalen. In both S. lexington and S. macallen, O antigens are 3,10, which are the same as those of the type strains described above, but they were changed to 3,10,15 by the phage obtained from S. cambridge. This type of change was also -induced by the phage obtained from another type of organisms of E2 group (S. kinshase, S. canoga).
Since this finding is very important in that two antigenic factors, 10 and 15, are able to coeist in a single cell, the antigenic structures of parent strains and induced variants were reexamined after single cell culture, and the above findings were reconfirmed.
In previous papers and in the work described in the preceding section, only the changes from 3,10 to 3,15 or from 3,15 to 3,10 had been observed, but the coeistence of 10 and 15 in a single cell had not been observed as yet.
Antigenic changes in S. chittagong. The 0 antigenic structure of S. chittagong is 1,3,10,19. As the phages from E2 group organisms seemed to attack the organisms possessing 10 antigenic factor, S. chittagong was exposed to the phage. By Antigenic variation of S. senftenberg 87Aa'. S. senftenberg 87Aa' is a strain which was obtained from S. senftenberg A by Ise and has only a 3 factor as a major 0 antigen. 0 antigenic structure of this strain was changed from 3 to 3,15 The antigenic v ts were found also to be resistant to the phages obtained from E,2 group organisms.
(2) Variants of S. chittagong, possessing antigenic structure of 3,15, were aLso found to be lysogenic, and the phages obtained from them were found to be capable of inducing the same antigenic changes.
(3) In variants of S. lexington and S. macalen the situation was found to be the same as described above, as to the lysogenicity and the activity of the phages.
(4) In variants of S. niloese and S. senftenberg8imsbury the situation was also found to be the same as described above, as to the lysogenicity and the activity of the phages.
These findings indicate the close correlation between lysogenicity and formation of 15 antigenic factor in Salmonella organisms of El, E2, and Es group or their antigenic variants. Aliquots of phage suspensions obtained from S. cambridge were separated into several portions, in each of which pH was corrected to pH 1.0, 2,0, 3.0, 4.0, 5.0, 8.0, 9.0, 10.0, and 11.0, respectively, and kept in refrigerator for 20 hours.
Both Effect of host strain on phage specificity. A small number (about 17) of phage particles from an autolysate of S. canoga were added to and propagated in senes on S. anatum. After seven passages, a suspension titrating 4 X 109 per ml was obtained. This phage, which had been serially propagated on S. anatum, was still effective in converting S. anatum and S. butantan. Thus the effectiveness of the phage is independent of the propagating host (contra transduction, Zinder and Lederberg, 1952) . Reversion of converted antigen. The 0 antigens 3,15 of the phage induced variants of El group organisms were reverted to the original structure 3,10 by cultivating the variants in broth containing 15 antiserum.
In the variants of S. chittagong, 0 antigens were reverted to 1,3,19, the structure of the parent strain, by 15 antiserum.
In the variants of S. senftenberg-simsbury and S. niloese, 0 antigens were reverted to 1, 3, 19, 1955] (Stocker, Zinder, and Lederberg, 1953) Groman (1953) .
(9) When phage was inactivated by the change of pH or heating, the activity inducing antigenic changes was lost simultaneously.
(10) Desoxyribonuclease did not inactivate the activity inducing antigenic variations of phage supension. This differs from the transformations such as have been observed in other bacteria where the active principle is inactivated by desoxyribonuclease (Austrian, 1952 (McKinley, 1925; Freeman and Morse, 1952; Lwoff, 1953 (Lwoff, 1953 (14) In the early stage of the research, the phages obtained from E, group organisms seemed to be adsorbed by strains which carry the 10 somatic antigen. However, from the findings that they were also adsorbed by Es group strains, it is doubtful whether the receptor for the bacteriophage can be the 10 antigenic factor itself, though the 10 factor has been reported to be of a complex nature (Kauffmann, 1938 
